Introduction
Populus nigra L., the European black poplar, is a dioecious, heliophilous, pioneer tree species in alluvial forests and considered a keystone species in floodplain forests in Europe. Although P. nigra is widely distributed throughout Europe, it is one of the most seriously endangered indigenous forest tree species and is threatened by three main factors. Firstly, hydraulic structures that regulate flood periods have been modified to favour hardwood species. Secondly, P. nigra has been replaced by hybrid poplars because of the higher profitability of the latter. Finally, gene introgression from cultivated poplars is a potential threat to P. nigra, as few clones are extensively cultivated, and they contribute to a large proportion of pollen and seed pools (Lefèvre et al. 1998; Smulders et al. 2008 ).
Plantations of hybrid poplar are of great interest in Spain, because of their economic value as a source of plywood. The profits associated with cultivated poplar reach between 1,200 and 2,400 €/ha/year for highly favourable sites (Díaz and Romero 2001) . Single plantations are monoclonal and although several hybrids are used in Spain, Populus x euramericana (Dode) Guinier clone I-214 (P. deltoides Marsh. ♀ × P. nigra L. ♂) is the most common. It covers about 70% of the total area covered by poplar plantations (Fernández and Hernanz 2004) .
A current goal of national and regional forest policy is to increase the area occupied by poplar plantations. Castilla and León, the region with the largest area covered by poplar plantations in Spain (ca. two thirds of the total), has drawn up a first draft of a "strategy for poplar growing", the main objective of which is to double the area covered by poplar plantations in the next two decades.
In light of this, a trade-off between economic benefits and the maintenance of biological and functional diversity in poplars is necessary.
Decreased cover by P. nigra through replacement with P x euramericana or a possible drastic decrease in genetic variation through intensive introgression would probably also cause indirect effects on other organisms associated with P. nigra. However, while great importance is given to macroscopic life forms, little attention is paid to the potential consequences of the loss of microbial diversity (Strobel 2003) . As plants are known to harbour hostspecific microorganisms, disappearance of a plant species also results in the disappearance of these microorganisms. This is not desirable because e.g. the production of novel and biologically active secondary metabolites is common among fungal endophytes; therefore, this group of fungi is a potential source of new products for pharmaceutical and agrochemical industries. Transformation of native poplar stands into monoclonal plantations or hybrid zones appears to alter pre-existing fungal communities (Whitham et al. 1999) . A trend towards decreased genetic variation in forestry may increase the phytosanitary risk because monoclonal forests are known to be more vulnerable to diseases than native forests (Pinon 1984) .
Many definitions of the term endophyte have been used in the scientific literature. The term is often used to refer to fungi able to infect their hosts without causing visible disease symptoms (Schulz and Boyle 2005) . In the present study, the term endophyte is used to refer to fungi isolated from healthy-looking surface-sterilized plant samples.
The aim of this study was to describe and compare the endophytic mycota on twigs of native poplar (P. nigra) and hybrid poplar trees (P. x euramericana clone I-214) in Spain.
Material and methods

Description of the study site and sampling
Three poplar plantations of clone I-214 and three native poplar stands (P. nigra) were chosen for study, in Palencia (N. Spain). The altitude, edaphic and climatic characteristics of all stands were similar (Table 1) , and stands were situated at a maximum distance of 60 km from each other (Fig. 1) . The poplar plantations (P. x euramericana, clone I-214) were 10-year-old monoclonal plantations established in 1995 by the Government of the Castile and Leon, whereas stands of native poplar (P. nigra) exist as remnants patches.
In October 2006, three trees were randomly chosen within each sampling stand. Native poplars of breast height diameter (10-20 cm) similar to those of the hybrid poplar sampling sites were selected for sampling. Four healthy branches from four horizontal sectors of the upper third of the canopy of each tree were collected. The branches were stored at 4°C and processed within 24 h.
Sample treatment
Four pieces of twig (1 year old, diam. 0.5 cm, length 5 cm) were cut from each branch and surface sterilized by: shaking in 70% ethanol (v/v) for 1 min, followed by shaking in 4% sodium hypochlorite (v/v) for 4 min, thereafter shaking in 70% ethanol (v/v) for 1 min and finally dipping for a few seconds in 70% ethanol (v/v). The samples were then dried for 1-5 min in a sterile laminar flow cabinet in open Petri dishes. Each twig piece was split into four longitudinal segments and placed in serial order on Petri dishes containing "potato dextrose agar" (PDA) medium (Scharlau product, Barcelona, Spain, prepared Px P. x euramericana, Pn P. nigra a According to "Atlas Climático Digital de la Península Ibérica" (Ninyerola et al. 2005) b According to "Mapa geológico y Minero de Castilla y León" (SIEMCALSA 1997) according to the manufacturer's instructions). The plates were sealed with Parafilm® and incubated in darkness at 22°C for 3 weeks. One outgrowing colony from each branch was chosen according to the serial order of the Petri dish and transferred to a new Petri dish with PDA medium. Four isolates per sampled tree were obtained to provide 36 isolates per treatment/species (i.e. four isolates/tree × three trees/stand × three stands=36), with two types of poplar (i.e. a total of 72 isolates). Obviously, the total diversity of endophytes cannot be measured and quantified comprehensively so that we decided to focus on dominant species to achieve a tradeoff between ecological rigour and economic efficiency. A sample size of 36 isolates per population allows detection (at p>0.95) of a species occurring with a frequency of at least 0.08
n , where f = frequency and n=sample size].
Molecular identification of isolates
To obtain agar-free mycelial samples for DNA isolation, the isolates were cultivated on agar plates and covered with Cellophane (Surface Specialities, Wigton Cumbria, UK). MOS agar was used to allow fast growth (Müller et al. 1994) . Total DNA was isolated according to Vainio et al. (1998) . The protocols included cell disruption with quartz sand and a FastPrep ® cell disrupter (Qbiogene, Inc., Cedex, France) for 2×20 s at 4 ms −1 , two phenol/chloroform/ isoamyl alcohol (50:49:1) and one chloroform/isoamyl alcohol (24:1) extraction, precipitation with polyethylene glycol and drying. DNA was resuspended in 50 μl of TEbuffer (pH 8.0), containing 10 mM Tris-HCl and 1 mM ethylenediaminetetraacetic acid. This procedure was adequate for most isolates, although for some isolates, up to four extractions in phenol/chloroform/isoamyl alcohol (50:49:1) were required to remove visible pigment from the extract. The internal transcribed spacer (ITS) region of the rDNA was amplified with primers ITS1-F (Gardes and Bruns 1993) and ITS4 (White et al. 1990 ). All amplifications were performed according to White et al. (1990) and Vainio and Hantula (2000) .
PCR products were purified with the High Pure PCR Product Purification Kit (Roche, Mannheim, Germany), according to the manufacturer's instructions. The sequences were determined in an automated sequencing apparatus (LiCor Global Edition IR 2 system; Li-Cor Inc., Lincoln, NE, USA), by following the manufacturer's instructions. DNA fragments were sequenced in both directions at the same time. Finally, the sequences were aligned with LI-COR software (ALIGN IR ver. 2.0). Consensus sequences were identified by comparing them with sequences deposited in GenBank (NCBI) database, by means of the BLAST algorithm. The isolates were named according to the best GenBank match if at least 97% matched at least 401 bp.
Sequences generated in this study have been submitted to GenBank under accession number FR648327-FR648398.
Statistical analyses
Differences in species richness and diversity between native (P. nigra) and hybrid poplars (P. x euramericana) were evaluated by Mann-Whitney U tests (nonparametric tests). Diversity was estimated by use of the Shannon index: where H is the number of species and p i is proportion of the ith species in a sample.
Canonical correspondence analyses (CCA) were carried out to test whether endophyte assemblages were different between native and hybrid poplars. For this, type of poplar was considered as environmental data (nominal variables), and frequency of species was transformed by log (x+1). The statistical significance was tested by means of a Monte Carlo permutation test with 499 permutations of total inertia.
Univariate analyses were performed with the Statistical 6.0 package (StatSoft 2001) and multivariate analyses with CANOCO 4 (Ter Braak and Šmilauer 2002).
Richness and diversity accumulation curves were developed with EstimateS software, version 8.2 (Colwell 2005) .
Phylogenetic and molecular evolutionary analyses were conducted with MEGA, version 4 (Molecular Evolutionary Genetics Analysis) (Tamura et al. 2007 ).
Results
At least one isolate was obtained from all twig samples. The ITS sequences obtained varied from 401 to 548 bp in length, including the complete or partial ITS1, complete 5.8 S ribosomal RNA gene and complete or partial ITS2. Two of the 72 sequences did not provide an accepted match with any sequence in the GenBank (min. 97% similarity of at least 401 bp sequence length). A total of 13 species were found. Nine species originated from P. nigra, seven from P. x euramericana and three [(Lewia infectoria (Fuckel) M.E. Barr & E.G. Simmons (anamorph: Alternaria infectoria E. G. Simmons), Alternaria alternata (Fr.) Keissl. and Epicoccum nigrum Link)] were found on both types of trees (Table 2) . Although A. alternata was more frequent on P. nigra (p<0.03; Fisher's exact test), it was also found on one hybrid tree.
Species found only on samples of P. nigra were: Alternaria spp., Aureobasidium pullulans (de Bary) G. Arnaud, Cryptodiaporthe salicella (Fr.) Petr., Fimetariella rabenhorstii (Niessl) N. Lundq., Plagiostoma fraxini (Redlin & Stack) Sogonov and Stemphylium vesicarium (Wallr.) E.G. Simmons. On the other hand, Athelia bombacina Pers., Biscogniauxia mediterranea (De Not.) Kuntze, Cytospora chrysosperma (Pers.: Fr.) Fr. (teleomorph: Valsa sordida Nitschke) and an unidentified species were only found on P x euramericana. C. chrysosperma was isolated from seven out of nine hybrid poplar trees sampled; this frequency was significantly higher than the complete absence on P. nigra (p<0.01, Table 2) .
A phylogenetic analysis, based on the ITS sequences (Fig. 2) , showed that all clusters including isolates from only one of the two types of poplar stand (e.g. C.
chrysosperma, A. pullulans and F. rabenhorstii) differed greatly from the next nearby cluster with isolates from the other poplar type. For instance, the mismatch between isolates Pn3_1_2 (C. chrysosperma from hybrid poplar) and Px3_2_1 (C. salicella from P. nigra) of two nearby clusters was 67 bp of a 367-bp long sequence in common (i.e. 18%).
Species richness and diversity, as expressed by the Shannon index of isolates from native poplar, were higher than those for isolates obtained from hybrid poplar (Table 2) , although the differences were not significant (p=0.10 and p=0.07, respectively).
The logarithmic equation provided a good explanation for the richness and diversity accumulation curves (Fig. 3) . The logarithmic equations (Fig. 3) predict a low increase in number of species with increasing number of trees sampled. For instance, for native and hybrid poplars, 16 and 12 species, respectively, would have been isolated from a sample of 100 trees, whereas we found nine and seven species from nine trees, respectively.
A CCA showed that fungal assemblages differed according to type of poplar (Fig. 4) . The result of the Monte Carlo test, with 499 permutations, was significant (p <0.01), and CCA showed that 17.4% of the total variation in species data could be explained by type of poplar. An ordination diagram displayed species exclusively isolated from native (Alternaria spp., A. pullulans, C. salicella, F. rabenhorstii, P. fraxini and S. vesicarium) or hybrid poplar (A. bombacina, B. mediterranea, C. chrysosperma and Unidentified 1). Furthermore, A. alternata, which was isolated from native and hybrid poplar, was more closely associated with native poplars.
Discussion
The results of the study show that the endophyte community of poplar twigs differs between native P. nigra and clone I-214, as only three out of 13 observed species were found on both poplars and the frequency of two species differed significantly (Table 2) . Identification of the isolates in this study is based solely on DNA sequence blast results in GenBank and therefore must be regarded as tentative.
The sampling intensity used in the study is too low to reveal specific endophyte species for P. nigra from among species occurring at low frequency. As already mentioned, the present study therefore concentrates on species occurring at high frequencies, i.e. dominant species.
The cumulative curves for species richness and diversity (Fig. 3) show that the number of trees sampled in this study provided a reasonably good indication of twig endophyte richness and diversity of the two types of poplar in the stands under study. The diversity indices would not have 
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Several most common species found on P. nigra (A. alternata, E. nigrum and L. infectoria) were also found on hybrid clone I-214 (Table 2 and Fig. 2) , which all can be classified as generalist species (Schulz and Boyle 2005) . However, C. chrysosperma, the most common endophyte of clone I-214 was absent from P. nigra.
The community structure of twig endophytes of the native P. nigra and clone I-214 differed greatly according to a Monte-Carlo test and are clearly visualized by the canonical correspondence analysis (Fig. 4) . This general difference is noteworthy as clone I-214 is a 50% descendant of P. nigra. In previous studies, distinct differences between endophytic communities were found on comparison of different tree species (Fisher and Petrini 1990 ). Significant differences in the community structure of ectomycorrhizal fungi in various clones of Norway spruce have also been reported (Korkama et al. 2006) .
A. pullulans was only isolated from P. nigra, even though it is also considered as a generalist species. This endophyte has previously been isolated from P. x euramericana (clone I-214) (Martín-García et al. 2011) , so that it is likely that it would have been found on P. x euramericana in this study if a larger number of samples had been examined.
Two of the species found on native poplars (F. rabenhorstii and S. vesicarium) have not previously been reported from P. x euramericana (Callan 1998; Ginns 1986; Martín-García et al. 2011) , Populus tremula (Santamaría and Diez 2005) or genera that share the same forest habitat such as Salix sp. (Petrini and Fisher 1990) and Alnus sp. (Fisher and Petrini 1990) . Furthermore, C. salicella appears to be a common species in riparian habitats, since it has been isolated from Salix sp. (Ginns 1986) , Alnus sp. (Ginns 1986) , Populus tremuloides (Callan 1998; Ginns 1986) , P. trichocarpa (Callan 1998; Ginns 1986 ) and P. canadensis (P. deltoides x nigra x eugenei) (Ginns 1986) . P. fraxini is apparently not specific to the genera Fraxinus sp. and Chionanthus sp., as earlier suggested (Sogonov et al. 2008) .
Species isolated from hybrid poplars, except A. bombacina, have previously been isolated from other tree species. Thus, C. chrysosperma was isolated from Populus tremuloides (Callan 1998) , P. tremula (Santamaría and Diez 2005) , P. balsamifera (Callan 1998) , P. trichocarpa (Callan 1998) , Populus hybrid (Callan 1998) and Eucalyptus grandis (Bettucci and Alonso 1997) . Furthermore, Petrini and Fisher (1990) found Cytospora sp. colonising Salix fragilis. Moreover, B. mediterranea is regarded as a ubiquitous species as it has been isolated from numerous other tree genera (Nungent et al. 2005) .
Most of the species detected are probably "true endophytes", as they have not been reported from plant tissues with visible disease symptoms. However, three species (S. vesicarium, C. chrysosperma and B. mediterranea) can also be regarded as weak pathogens detected during latency. S. vesicarium is known as a pathogen able to cause severe damage to pear (Rossi and Pattori 2009) and onion (Aveling and Snyman 1993) amongst other species but has not previously been reported from poplar. B. mediterranea is generally known to occur in healthy living trees as an endophyte, occasionally becoming invasive under water stress conditions (Nungent et al. 2005) . C. chrysosperma is known to be a typical weak pathogen of poplars and is widely distributed throughout the northern hemisphere and Australia, although it is able to cause severe damage under certain conditions (Worrall et al. 2008) .
The occurrence of C. chrysosperma on only hybrid poplars can be explained by the origin of the hybrid poplar seedlings or different susceptibility of the poplar types to this weak pathogen or endophyte. The hybrid poplars in each sampled stand probably originated from cuttings of a single ortet, which may have been infested by Cytospora, and it is therefore possible that all cuttings used in the plantation already carried this fungus as a latent infection. On the other hand, hybrid poplar may be more susceptible than native poplar, because of the hybrid susceptibility pattern (Fritz 1999) . It is well known that poplar species and even clones differ in susceptibility to attacks of various fungal species. For instance P. trichocarpa is more susceptible to C. chrysosperma than P. x canadensis (syn. P. x euramericana) (Bloomberg 1962a,b) , and Alonso et al. (2000) noted that the susceptibility of P. x euramericana to C. chrysosperma varies according to the clone.
P. x euramericana can be considered as a partly exotic species because P. deltoides, the other parent species, originates from North America. The hybrid poplar may therefore carry resistance factors (genes), which are new to the fungal flora in Spain. This may explain some of the observed differences in the twig endophyte assemblages between native and hybrid poplars. The hybrid poplar is known to grow considerably faster than the native poplar, which is the main reason for its popularity among foresters. The speed of growth may affect the mycobiota associated with the tree, as shown by Korkama et al. (2006) in studies on the mycorrhizal diversity of various spruce clones. The results of the latter study showed significant differences between the ectomycorrhizal diversity of slow and fast growing Norway spruce clones.
Edaphic, climatic and other site-specific factors are not likely causes of differences in the observed structure of endophyte species on the two poplar types, as the characteristics of all stands were similar.
The present results show that the structure of endophytic species found on P. nigra twigs differed from that found on twigs the hybrid poplar P x euramericana, but that all of the three most common species observed on P. nigra were also found on the hybrid clone. These results should be considered as preliminary findings, and further studies on leaf, wood and root endophytes as well as on mycorrhizal species should be carried out to evaluate the risk of loss of area covered by P. nigra through replacement with P x euramericana or a possible drastic decrease in genetic variation through intensive introgression.
